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Introduction

58
The global energy crisis has spurred interest in producing alternative biofuels from clean, 59 renewable feedstocks via biological processes. Because of several desirable physical and 60 chemical properties, butanol is currently a favored alternative to ethanol [1] . Butanol can be intensity, environmental impact, and reduced production of chemicals toxic to fermentation 82 microorganisms [11] . The enzymes commonly found in a lignolytic enzyme complex consist 83 mainly of enzymes with lignin-degrading peroxidase activity (LiP; E.C.1.11.1.14), manganese 84 peroxidase activity (MnP; E.C.1.11.1.13) and the lignin-degrading enzyme laccase activity
85
(E.C. cellulose or solka floc), followed by butanol production achieved by adding a solventogenic 100 species such as Clostridium acetobutylicum or C. beijerinckii. These studies report that 101 sequential co-culture increased the total fermentation products formed from cellulosic substrate 102 by 1.7 to 2.6-fold compared to C. beijerinckii monoculture.
104
The hypothesis for the current study was that a biological pretreatment followed by a sequential 105 co-culture could efficiently utilize lignocellulosic substrate to produce solvents. To our 106 knowledge, there are no previous studies investigating the effect of biological pretreatment on 107 increasing substrate utilization and butanol yield, particularly for this co-culture process.
108
Moreover, although sequential co-cultures have been investigated as a way of increasing the 109 production of butanol using ideal feedstocks (pretreatment unnecessary), the studies were only 
Materials and Methods
129
Strain cultivation
130
The white-rot basidiomycete, P. chrysosporium strain (ATCC MYA-4764) was obtained from concentration was 5 × 10 6 spores cm -3 , determined using a hemocytometer. 
Lignin analysis and biomass composition 146 147
The four types of biomass (corn stover, miscanthus, switch grass and wheat straw) used in this 
LD
Equation 1 164
Where ω is the dry weight of the treated sample (g); ω0 is the initial dry weight of the untreated 165 sample (g); α, β are the % of acid-soluble and acid-insoluble lignin respectively of the treated 166 sample and α0, β0 are the % of acid-soluble and acid-insoluble lignin of the untreated sample.
Solid-substrate culture (SSC)
169
In SSC, the pretreatment of 0.5 g biomass by P. chrysosporium (50 mm 3 of spore culture) was 174 thermocellum was injected into the sealed test tube through the rubber stopper with a syringe.
175
The CO2 along with the gas generated from C. thermocellum maintain the anaerobic condition Experiments were conducted in two stages. First, the optimal moisture content was determined. poor growth due to substrate agglomeration which restricts nutrient and oxygen accessibility. In contrast, larger particles provide better aeration but a limited surface for microbial colonization 258 [37] . A particle size of 5 mm seemed to be an appropriate size to support microbial activity as 259 evidenced above. 301 chrysosporium utilized in this study was to delignify the biomass for subsequent processing 302 steps, and ethanol was not the focus of our study. 
325
All treatments produced approximately the same amount of ethanol (Fig. 5) . However, becasue 326 the co-cultivation for solvent production is the ultimate goal of our project, significant metabolite 327 production during the C. thermocellum phase was not a priority, and in fact was undersirable. C. beijerinckii. Significantly more butanol was produced from the fungal pretreated biomass as 338 compared to non-pretreated biomass (Table 3) for all types of biomass investigated. The fungal-339 pretreated miscanthus corresponded to the highest yield of butanol, being 3.66 mg g -1 biomass
340
(equal to a titre of 0.6 g dm -3 ). The study confirmed the positive effect on lignin removal by 341 fungal pretreatment when using corn stover in a sequential co-culture ABE fermentation and 342 extended the established three-stage SSC model to wheat straw, switch grass, and miscanthus.
Conclusion 344 345
The study investigated the effect of solid substrate cultivation conditions on the lignin removal 
349
The optimal pretreatment resulted in a 25 -27 % of lignin removed (7-day cultivation of P. 
